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多(M2)，其中 M2 的含量明显高于 M1，为主要去甲基代谢物。因而肌注给药途
径和 GC/MS 分析技术，适合于研究曲马多在鱼体内的分布、清除、代谢和药效，






















的灵敏度和可信度。曲马多诱导差异表达的 30 个蛋白质斑点经鉴定后，归为 13
种蛋白，其中 14-3-3 蛋白、肌酸激酶(CK BB)、ATP 合成酶(H＋转运，线粒体
F1 复合体，beta 亚基)和微管蛋白等在不同的凝胶位置，分别检出 3、3、4 和 11
种亚型；按蛋白功能分为六大类：细胞骨架、能量代谢、信号传导、突触功能、
蛋白降解和修饰、钙信号调节。多数蛋白是参与氧化应激或氧化应激相关疾病发
病机理的重要蛋白，例如：14-3-3 蛋白，CK BB，泛素羧基端水解酶-L1 (UCHL-1)，
ATP 合成酶，突触体相关蛋白(SNAP)，微管蛋白，肌动蛋白等；而蛋白：醛缩
酶 C，ATP 合成酶，CK BB，丙酮酸脱氢酶激酶，UCHL-1，14-3-3 蛋白，dynamin 
1，SNAP，微管蛋白，肌动蛋白等则属于多种药物依赖相关的共同蛋白。同时也
发现了一些尚未报导的新蛋白，例如：钙信号调节相关蛋白 novel protein similar to 
vertebrate EF hand calcium binding protein 2，结构相关蛋白 novel intermediate 
filament protein，similar to centrosomal protein 110 kDa。曲马多同已知的依赖性药
物一样主要通过三种普遍认可的途径引发神经毒性，即能量代谢、氧化应激和蛋
白降解、修饰。 



































































Tramadol hydrochloride (TH), an atypical centrally acting opioid analgesic, has 
become the most prescribed drug worldwide. Previous reports predominantly have 
focused on the numerous positive response of TH in vertebrates, including analgesia 
for moderate to severe pain; antidepressant, anti-inflammatory, and 
immunostimulatory effects, micturition control; an ability to lower glucose in 
diabetics and so on. However, the data on the increase in TH related fatalities, adverse 
reactions, and the drug addiction presented in recent years have been obtained from 
postmarketing surveillance and case reports, unfortunately, cellular and molecular 
mechanisms involved in neurotoxicity, dysfunction and addiction potential after 
chronic and abused TH administration are not well documented. These issues 
highlight the need to assess the addiction potential and neurotoxicity of TH abuse at 
the cellular and molecular levels.  
In this thesis, zebrafish (Danio rerio) was chosen as experimental object. The 
results, from the perspective of behavior observation and statistical, showed that 
oxygen demand and preference of oxygen-rich surface water layer were heightened in 
fish, thus significantly increased the mean distribution density of fish in surface layer, 
by a TH stimulus. Compared with those in pethidine hydrochloride (more effective 
analgesic) positive control group, the abnormal behavior was even more significant, 
which was observed to emerge much faster, and last much longer (the whole process 
up to 6 h). Moreover, it was also accompanied by a significant reduction in activity. 
The phenomenon was belongs to TH specific abnormal behavior and physiological 
response in zebrafish. Body and brain mean weight loss in zebrafish, after long-term 
receiving food containing TH. Specific physiological responses to TH exposure, 
makes zebrafish a favorable animal model for experimental studies of the mechanisms 
of TH toxicity and drug addiction.  
With the similar prooxidant properties with other opioids, TH was shown to induce 
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